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ABSTRACT 
Effects of Exercise on Serum Lactate Dehydrogenase Activity of 
Catchable-size Hatchery Rainbow Trout, Salmo gairdneri 
by 
Gerald T. Klar, Master of Science 
Utah State University, 1973 
Major Professor: Dr. Clair B. Stalnaker 
Department: Wildlife Science 
Effects of exercise and the relative condition of exercised fish were 
viii 
evaluated for two strains of rainbow trout. Circular tanks fitted with a paddle 
were used to continuously exercise the fish and a stamina tunnel was used to 
evaluate the condition of exercised trout. Trout were exercised continuously 
at one fish-length per second and one-half fish length per second. Serum LDH 
activity in Shephard-of-the-Hills (Missouri) rainbow trout acclimated to 10 C 
increased two fold during the first four days of exercise. Serum LDH activity 
returned to control levels by the tenth day of exercise. Serum LDH activity in 
Shephard-of-the-Hills rainbow trout exercised at one-half length per second 
did not increase significantly. Serum LDH activity in Fish Lake stock accli-
mated to 17 C did not increase significantly. Shephard-of-the-Hills and Fish 
Lake rainbow trout exercised at one length per second were better conditioned 
to water velocities of two lengths per second than were controls. 
(56 pages) 
INTRODUCTION 
The survival of catchable-size hatchery trout in streams is of concern 
to fish culturists, fishery managers and fisherman. Reports on the survival 
and quality of hatchery trout are conflicting. Miller (1954) and Needham (1947) 
reported poor survival of stocked fish while Neilson et al (1957) reported essen-
tially no difference in survival between wild and hatchery trout. 
Failure of hatchery trout to survive is attributed to their inability to 
compete with resident trout, stocking methods and poor physical condition due 
to cultural techniques. There has been recent interest in programs to exercise 
hatchery trout to condition them for life in high gradient streams. Studies in 
Idaho (Casey 19G7, Bell 1967, Jeppson 1967 and Gebhards 1967) indicated 
slightly higher returns to the creel for hatchery trout exercised for short daily 
periods. 
During muscular activity fish glycogen is metabolized to pyruvate. In 
the presence of oxygen pyru vate is metabolized through the citric acid cycle. 
If oxygen is not present pyruvate is converted to lactate which accumulates. 
Many investigators (Caillouet 1964, Ellis 1964, Caillouet 1965, Black 1966 
and Hammond and Hickman 1966) have reported a substantial increase of lactic 
acid in the blood of fish after various levels of exercise. 
Strenuous muscular activity has long been considered a factor contrib-
uting to mortality in fish (Black 1958 ). Although the precise cause of death 
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is unknown it has been related to increased levels of lactate and fatigue (Black 
1958 and Hammond and Hickman 1966). 
The basis for physical conditioning of hatchery trout has been the assump-
tion that poor survival in high gradient streams is the result of fatigue and 
death. Hammond and Hickman (1966) reported that physical conditioning of 
rainbow trout at water velocities of 40 cm per second greatly increased the 
stamina of the fish to forced exercise. The increased stamina was associated 
with the fact that conditioned fish could remove lactate at a higher rate than 
unconditioned fish. 
Lactate dehydrogenase (L-lactate, NAD-oxidoreductase, LDH) is the 
enzyme that catalyzes the reversible reduction of pyruvate to lactate with the 
subsequent oxidation of reduced nicotinamide adenine dinuclcotidc (NADH). 
This enzyme is found in all glycolyzing cells. 
Recent investigations have dealt with the effects of exercise and physical 
conditioning on serum LDH activity in mammals. Gar bus et al (1964) studied 
the relationship between physical conditioning and serum LDH activity levels in 
rats. Rats were conditioned by walking in a rotary cylinder for six hours on 21 
successive days. Serum LDH activity increased during conditioning from a 
control value of 730 units/ml to 1,109 units/ml (LDH activity expressed as 
decrease in optical density at 340 nm/min per ml X 1,000) after one day of 
exercise. Serum LDH levels remained high during the first we e k of exercise 
with the highest value of 1,300 units/ml of activity occurring on the seventh day of 
exercise. After 21 exercise periods (days) the serum LDH le vels h?d dropped 
to control levels. 
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Similar results have been reported in rats (Highman and Altland 1961 
and 1963, Papadopoulas et al 1968, Altland 1968, Bloor and Papadopoulas 1969, 
and Raven et al 1970) and humans (Fowler et al 1962, Halonen 1962, Rose 1968, 
and Rose et al 1970). 
There seems to be a conditioning effect eorrelated with the rise and fall 
in LDH activity during exercise. Since it takes a certain period of exercise for 
LDH activities to return to control levels the subject could be considered con-
ditioned when this occurs. Rasmussen and Rasmussen (1967) reported increases 
of 50-100% in the serum LDH activity in sharks fatigued by exercise. If the 
increases in blood lactate levels reported in fish during exercise were found to 
be paralleled by increases in LDH activity, this would be a useful physiological 
index to conditioning. 
The objectives of the present study were: 
l. To determine the cffcets of exercise on serum LDH aeti vity 
in catchable-size hatchery rainbow trout, and 
2. To evaluate the physical condition of exercised catchable-size 
hatchery rainbow trout. 
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MATEHIALS AND METHODS 
Fish used in the first experiment were of the Shephard-of-the-Hills 
(Missouri) hatchery strain of rainbow trout (Salmo gairdneri) obtained from 
the Utah Di vision of Wildlife Resources Hatchery at Mantua, Utah. Upon 
receipt the fish were anesthetized with a 20 ppm MS 222-5ppm Quinaldine 
solution (Schoettger and Steucke 1970), cold branded, weighed, measured and 
placed in the exercise chambers for acclimation. Average length was 25. 9 cm 
and average weight was 197. 6 g. The fish were acclimated from a hatchery 
holding temperature of 7 C to a lab holding temperature of 10 C ~- 1 C over an 
eight week period. Dissolved oxygen was maintain ed at !10 t.o 100% saturation 
throughout the experiment. During the second and sixth week of acclimation the 
fish were given a one hour treatment of 2 ppm active ingredient Hyamine 3500 1 
on each of three consecutive days. All fish received a dry pelleted ration of 
0. 8% body weight per day. 
Exercise apparatus 
The exercise chambers consisted of round tanks 30 inches in diameter 
and 30 inches deep with an 8 X 8 inch aluminum paddle located in the center. 
Rotation of the paddle at 200 rpm created a water current of 28 cm per second. 
A cylinder of one-half inch mesh hardware wire enclosed the paddle and 
1Produced by Rohm and Haas Company, Philadelphia Pennsylvania. 
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confined the fish to the perimeter of the tank. Control tanks were of similar 
size with the hardware wire cylinders but no paddle. Constant temperature and 
flow was maintained by use of a :307 gallon head tank and electric heaters. 
Experimental design 
From the original group of Shephard-of-the- Hills trout 140 healthy fish 
were selected and divided equally among ten tanks. A healthy fish was defined 
as one with no external symptoms of fungus or bacterial disease and a total 
serum LDH activity less than 1,300 units / ml. One experimental group, con-
sisting of four tanks, was designed to be exercised continuously at one fish-
length per second (Group I). A second experimental group, consisting of four 
tanks, was designed to be exercised continuously at one-half fish-length per 
second (Group II). The control group, consisting of two tanks, received no 
exercise (Group III). Due to mechanical failure Group I received no exercise 
for an unknown length of time (maximum possible of 12 hours) on the fourth 
and eleventh days of exercise. 
Sampling 
The water current was turned off during sampling only in the tank being 
sampled. All fish to be sampled were transferred by net to a holding tank. 
Fish were anesthetized in a 38 liter tub with a 20 ppm MS-222-Quinaldine 
solution. No more than 2 or 3 fish were held in the anesthetic at one time. 
A fresh anesthetic solution was prepared for each 28 to 30 fish sampled. A 
one-half ml sample of blood was obtained from each fish by cardiac puncture. 
The blood was centrifuged at 10,000 rpm for 30 minutes in a refrigerated 
centrifuge at 10 C. The serum was separated and stored at 4 C until analyzed. 
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Fish in groups being exercised were allowed one hour to recover before exercise 
was continued. All fish were sampled once each week with few exceptions 
(Table' 1 ). 
LDH analysis 
All analyses were carried out on non-hemolyzed blood specimens. 
Samples drawn during the conditioning period were analyzed the same day they 
were drawn. Samples drawn during stamina trials were stored at 4 C until the 
following day. A sample containing a known enzyme concentration was analyzed 
each day. Total serum LDH activity was determined by following the decrease 
in optical density at 340 nm in a reaction mixture containing 2. 8 ml of 0. I M 
potassium phosphate buffer, 0. 2 mg NADH, 0. 1 ml of a solution of 2. G mg/ml 
sodium pyruvate and 0. I ml serum. This reaction was carried out in a Bausch 
and Lomb Spectronic 505 recording spectrophotometer. One w1it of LDH activity 
will cause a decrease in optical density of 0. 001 opti cal de nsity units per minute 
at 340 nm. Since fish enzymes are commonly assayed at temperatures other 
than 37 Ca temperature of 23 C was adopted from Baile y and Wilson (1968). 
Sample incubation and cuvette compartments were maintained at 23 C~ 0. 5 C. 
The reaction was carried out for three minutes to insure a linear rate. Sam-
ples were diluted where necessary to obtain a linear rate. The linear decrease 
was expanded to four minutes and change in optical density per minute calculated. 
The following equation was used to calculate LDH activity: 
Table 1. Sampling program for experiment I.* Exercise was initiated on da y seven. 
(An X indicates that all fish were sampled on that day ). 
Days 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 .... 39 
Groun I 
Tank 1 
Tank 2 
Tank 8 
Tank 9 
Group II 
Tank 3 
Tank 4 
Tank 10 
Tank 11 
Group III 
Tank 7 
Tank 14 
* Group I -
Group II-
Group III -
X X X 
X X 
X X 
X X 
X X X 
X X 
X X 
X X 
X 
X X X 
X 
exercised at one length per second 
exercised at one-half length per second 
controls-no exercise 
X 
X X 
X 
X 
X 
X 
X X 
X 
X X 
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Units of LDH per ml serum = (1000 X ,~ O.D. per minute) / ml serum used. 
This method is described in Sigma Technical Bulletin No. 340 UV. 1 
Stamina studies 
Post conditioning stamina studies were carried out in a stamina tunnel 
similar to that described by Boario (1967) and Burrows (1960). Fish were 
placed in the exercise tube of the stamina tunnel in groups of 8 or 10 and 
forced to swim at two fish-lengths per second. Fish from Group I were tested 
at 2, 4, 6, 17 and 24 hours. Fish from Group II were tested at 2, 4, and 6 
hours. Fish from Group III were tested at 1, 2 and 4 hours. Fish that fagitued 
during each test run were removed and the time recorded. A fish was con-
sidered fatigued when it lost equilibrium and orientation in the exercise tube. 
As each fish was removed from the stamina tunnel a sample of blood was drawn 
for determination of LDH activity. 
Active respiration 
At the conclusion of the conditioning period and before stamina studies 
15 fish were selected at random from Groups I and III respectively for active 
respiration measurements. Active respiration measurements were carried out 
in the active respirometer described by Dickson and Kramer (1967). Fish were 
placed in the active respirometer and forced to swim at approximately 30 cm 
per second to insure maximal oxygen uptake. Oxygen decrease in the respir-
ometer was determined with a YSI oxygen meter and Sargent Welch model SRG 
1 Available on request from Sigma Chemical Company, St. Louis, Missouri. 
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recorder. Oxygen uptake is reported as mg 02/kg/hr. The active respirometer 
+ 
was maintained at 10 C _ 1 C. 
Experiment II 
A second experiment similar to the first was carried out with the follow-
ing exceptions. The fish were of an unknown rainbow trout strain obtained from 
stocks located in Fish Lake, Utah. The fish were hatched and reared at the 
Utah Di vision of Wildlife Resources Hatchery in Logan, Utah. Average length 
was 25. 7 cm and average weight was 194. 9 g. The fish were acclimated to 
+ 17 C - 1 C for 8 weeks. Five tanks of 14 fish each were designed to be exer-
cised continuously at one fish-length per second (Gr oup IV). Two tanks were 
mainf.[)incd as controls (Group V). A 0. 1 ml solution of c 14 lab ele d leucine 
(HOO, 000 dpm) was injected into the dorsal aorta 24 hours prior to the initi-
ation of exercise. An eight hour power outage occurred during the first 24 
hours of exercise. The fish received no exercise during- Lhis e ight hour period 
and the water temperature dropped to 11 C in both exercise and control tanks. 
No active respiration measurements were taken on these fish. The sampling 
schedule was similar to that of the first experiment (Table 2). 
Serum LDH protein was isolated using vertical acrylamide gel electro-
phoresis. Samples were applied to the gel and electrophoresed 4 hours at 
300 volts in a 0. 4 M Tris-glycine buffer, pH 9. 3. The area of LDH activity 
was identified by histochemical staining of each end sample. Individual samples 
were dissected from the gel slab and digested in 30% hydrogen peroxide at 50 C. 
Radioactivity was determined using Aquasol medium and liquid scintillation. 
Table 2. Sampling program for experiment II.* Exercise was initiated on day seven. 
(An X indicates that all fish were sampled on that day). 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 
Group IV 
Tank 1 X X 
Tank 2 X X 
Tank 3 X X 
Tank 8 X X 
Tank 9 X X 
Group V 
Tank 4 X X 
Tank 10 X X 
* Group IV - exercised at one length per second 
Group V - controls - no exercise 
Days 
14 15 16 17 18 19 20 21 22 23 24 
X X 
X X 
X X 
X X 
X 
X X 
X X 
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RESULTS 
LDH activity during conditioning 
Serum LDH values reported are means of individual tanks of fish. The 
data (Appendix Tables 10 - 14) were analyzed statistically using a factorial 
analysis to obtain a tank by day interaction mean square error for each series 
of comparisons made (see below for specific comparisons). From the inter-
action mean square error an approximate LSD (least significant difference) was 
calculated using the following equation, 
Approx. LSD =.!. 05 {}(MS error)/n] 
112 (Sokal and Rohlf 1969). 
The following comparisons were made. 
1. Exercise tanks 1 and 2 were compared with control tank 7 and 
exercise tanks 8 and 9 were compared with control tank 14 for the Shephard-
of-the- Hills one length per second group (Table 3 ). 
2. Exercise tanks 3 and 4 were compared with control tank 7 and 
exercise tanks 10 and 11 were compared with control tank 14 for the Shephard-
of-the-Hills one-half length per second group (Table 4). 
3. Exercise tanks 1 and 2 were compared with control tank 4 and 
exercise tanks 3, 8 and 9 were compared with control tank 10 for the Fish 
Lake stock at one length per second (Table 5). 
Table 3. Mean serum LDH activities in units/ml for Shephard-of-
the- Hills trout exercised at one length per second. 
Day# One length/sec. 
Tank 1 
0 644 
8 1230 
15 1096 
22 919 
Tank 2 
0 691 
9 1241 
16 1046 
23 863 
Tank 8 
0 664 
10 1810 
17 663 
Tank 9 
0 589 
11 1319 
18 700 
* Means are significantly different ( P . 05) 
# See Table 1 for sampling schedule 
Control 
Tank 7 
721 
475 * 
575 * 
1046 
Tank 7 
721 
475 * 
575 * 
1046 
Tank 14 
661 
495 * 
905 
Tank 14 
661 
495 * 
905 
12 
13 
Table 4. Mean serum LDH activities in units/ml for Shephard-of-the-
Hills trout exercised at one-half length per second. 
Day II 
0 
8 
15 
0 
9 
17 
0 
10 
22 
0 
11 
24 
39 
One-half length/sec. 
Tank 3 
683 
632 
584 
Tank 4 
682 
486 
894 
Tank 10 
663 
589 
715 
Tank 11 
571 
651 
465 
592 
* Means are significantly different (P . 05) 
# See Table 1 for sampling schedule 
Control 
Tank 7 
721 
475 * 
575 
Tank 7 
721 
475 
575 * 
Tank 14 
661 
495 
905 
Tank 14 
661 
495 
905 * 
696 
14 
Table 5. Mean serum LDH activities in untis/ml for Fish Lake trout 
exercised at one length per second. 
Day# One length/sec. 
Tank 1 
0 1138 
8 2508 
15 1285 
21 1386 
Tank 2 
0 1031 
9 1156 
16 966 
22 1252 
Tank 3 
0 1407 
11 1540 
18 1300 
24 1595 
Tank 8 
0 994 
10 1135 
17 1002 
23 1329 
Tank 9 
0 1238 
12 1018 
19 1165 
* Means are significantly different (P . 05) 
# See Tab le 2 for sampling schedule 
Control 
Tank 4 
944 
2081 
808 
990 
Tank 4 
944 
2081* 
808 
990 
Tank 10 
1264 
1163* 
1268 
1313 
Tank 10 
1264 
1163 
1268 
1313 
Tank 10 
1264 
1163 
1268 
15 
Graphic illustration (Figures 1 and 2) indicates the overall pattern of 
results. Serum LDH activity in Shephard-of-the-Hills trout exercised at one 
length per second increased significantly over controls during the first 4 days 
of exercise. By the tenth day of exercise serum LDH levels in the exercise 
group dropped to control levels (Figure 1). Serum LDH activity in Shephard-of-
the-Hills trout exercised at one-half length per second did not increase signifi-
cantly over control levels (Figure 1). 
A rise in serum LDH activity occurred in exercise tank one and control 
tank four 24 hours after initiation of exercise for the Fish Lake stock. This 
was followed by non-significant differences between exercise and control 
tanks (Figure 2). 
Acti vc respiration measurements 
Shephard-of-the-Hills rainbow trout conditioned at one length per second 
for 17 days had a mean oxygen uptake of 400 (± 14) mg o2/kg/hr while controls 
of the same strain had a mean oxygen uptake of 348 (:!: 11) mg o2/kg/hr. Com-
parison of these means by analysis of variance gave an F value of 7. 69, which 
was significant at the 1 % level (F. 01 (l, 28 ) = 7. 64). 
Post conditioning 
stamina trials 
Post conditioning trials at two lengths per second for Shephard-of-the-
Hills rainbow trout acclimated to 10 C indicated highly significant differences 
between fish conditioned at one length per second and either controls or fish 
conditioned at one-half length per second. These differences were present both 
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Figure 1. Mean serum LDH activities for Shepharcl-nf-t.hc-Hills 
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Figure 2. Mean serum LDH activities for Fish Lake rainbow trout during exercise. 
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in total number of fish fatigued regardless of time of fatigue (Table 6) and 
total number of fish fatigued in two hours or less (Table 7). Fish conditioned 
at one-half length per second were not significantly different from controls 
(Tables G and 7). 
Post conditionining trials at two lengths per second for Fish Lake 
rainbow trout acclimated to 17 C indicated highly significant differences be-
tween fish conditioned at one length per second and controls both in total number 
of fish fatigued regardless of time of fatigue (Table 8) and in total number of 
fish fatigued in two hours or less (Table 9). 
Serum LDH activity 
after stamina trials 
A blood sample was obtained from each fish at: the end of each stamina 
run and total serum LDH activity determined. There seemed to be a general 
trend toward an increase in LDH activity for all treatments as the time of the 
stamina run increased. Also serum LDH activity became more variable among 
fish in each stamina run as the time of the stamina run increased (Appendix 
tables 15 - 19). However the low number of observati ons within each run and 
the lack of a proper control prohibited statistical analysis of the trends. 
A blood sample was obtained from fish that fatigued during each stamina 
run and total serum LDH activity determined. Multiple regression analysis 
using time of fatigue as the independent variable and LDH before fatigue, LDH 
after fatigue, level of conditioning, injection and temperature as dependent 
variables produced a nonsignificant R squared (. 31). There was an increase 
in mean LDH activity after fatigue over mean LDH activity before fatigue for 
Table 6 . Post conditioning results at two lengths per second for 
Shephard-of-the-Hills stock acclimated to 10 C 
Level of Total No. Total No. Chi-Square 
conditioning of Fish Fatigued % Fatigued 
1/2 length/sec. 49 22 45 
19.4* 
One length/sec. 49 3 6 
30.4* 
Controls-none 28 18 64 
* Chi-square is significant (P (. 005) 
Table 7. Post conditioning results at two lengths per second for 
Shephard-of-the-Hills stock acclimated to 10 C. 
Level of Total No. Total No. 
conditioning of Fish Fatigued in 2 
hr. or less % Fatigued Chi-Square 
1/2 length/sec. 49 20 41 
25. 1* 
One length/sec. 49 0 o. 
41. 1 * 
Controls-none 28 18 64 
*Chi-square is significant (P <. 005) 
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Table 8. Post conditioning results at two lengths per second for 
Fish Lake stock acclimated to 17 C. 
Level of Total No. Total No. 
20 
conditioning of Fish Fatigued % Fatigued Chi-Square 
One length/ sec. 55 9 16 
15.7* 
Controls-none 27 16 59 
*Chi-Square is significant (P ( . 005) 
Table 9. Post conditioning results at two lengths per second for 
Fish Lake stock acclimated to 1 7 C 
Level of Total No. Total No. 
conditioning of Fish Fatigued in 2 
hr. or less % Fatigued Chi-Square 
One length/sec. 55 5 10 
18.6* 
Controls- none 27 14 52 
*Chi-Square is significant (P< . 005) 
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all treatments (Appendix tables 20-23 ). However LDH values before fatigue 
were taken one week prior to stamina trials and lack of a control group prohibits 
concise analysis of the trend. 
Radioactivity of 
serum LDH 
Liquid scintillation of serum LDH protein from fish in experiment II 
+ produced nonsignificant results (range 20. 0 - 34. 8 dpm with 21. 6 - 23. 0 - 15% 
dpm background). Liquid scintillation of whole serum indicated no radioactivity 
present after the second day of exercise 
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DISCUSSION 
Serum LDH activity for Shephard-of-the-Hills rainbow trout exercised 
at one length per second increased 2 to 2 1/2 fold during the first four 
days of exercise. By the tenth day of exercise serum LDH levels had returned 
to control levels (Figure 1). This trend was similar to that reported in mam-
mals. Serum LDH activity for Shephard-of-the-Hills rainbow trout exercised 
at one-half length per second did not show such an increase (Figure 1). This 
may indicate that exercise at one-half length per second was not rigorous 
enough to cause changes in serum LDH activity. 
The mechanism of increased serum LDH activity during exercise is not 
known. Increases in serum LDH activity could be caused by cell disruption 
during exercise, an increase in specific activity of LDH protein or an increase 
in diffusion of LOH protein across cell membranes. Measure of serum LDH 
activity is no indication of exact serum LDH protein content. In other words 
it is possible to measure an increase in serum LDH activity due to an increase 
in specific activity, but without an increase in LDH protein. The second ex-
periment was designed to determine if new LDH protein entered the serum dur-
ing exercise. Liquid scintillation of LDH protein isolated from the serum 
during the second experiment did not produce values, within error, over 
background. Analysis of whole serum indicated no radioactivity present in the 
serum after the second day of exercise. The rapid loss of radioactivity may 
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have been the result of the high urinary flow of freshwater fish. Consequently 
the basic question of why serum LDH activity increases during exercise cannot 
be answered from these data. . 
The trend of serum LDH activity of the Fish Lake stock exercised at 
one length per second is very different (Figure 2) from the trend in the 
Shephard-of-the-Hills trout exercised at one length per second. An increase 
occurred in both the first exercise tank and control tank 24 hours after 
initiation of exercise. LDH activity for all tanks after the first day of ex-
ercise was very similar to baseline activity (Figure 2). The only fish available 
for this experiment were the rainbows from stocks found in Fish Lake, Utah. 
The specific strain origin of these fish cannot be traced. The fish were reared 
by the hatchery at 17 C. Since the effects on LDH enzymes of acclimating the 
fish to 10 C were not known it was decided to conduct the experiment at 17 C. 
The injection of the leucine solution required handling the fish one day prior to 
initiation of exercise. The eight hour power outage the first night of exercise 
resulted in cessation of exercise and a reduction in water temperature to 
11 C. The contribution of effects of any of these variables to the trend in serum 
LDH values cannot be determined. 
The ability of a fish to move oxygen to its tissues can be inferred from 
measures of metabolic rates. Fry (1947) described several metabolic rates, 
one of which was the active metabolic rate. The active metabolic rate is the 
maximum rate of oxygen consumption during sustained activity. Bainbridge 
(1962) reported that rainbow trout maintained for a year at water velocities of 
1. 0 to 1. 5 lengths per second had higher hemoglobin levels and larger hearts 
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than unexercised controls. Hochachka (1961) also reported that exercised 
fish had larger hearts and higher hemoglobin levels . . Black (1966) reported 
that hemoglobin levels in rainbow trout increased after 15 minutes of exercise. 
The increase in the active respiration rate of the Shephard-of-the-Hills trout 
exercised at one length per second indicates that they were able to move more 
oxygen across the gill membranes than unexercised controls. This is con-
sistant with the findings of Bainbridge and Hochachka. One would expect a 
fish with a larger heart and higher hemoglobin level to transport more oxygen. 
Earl A. Pyle (1964) defined physical stamina as the ability of a fish to 
maintain its position against a water current. When a fish is forced to swim 
against a water current its performance will reflect its relative condition. The 
various groups of fish used in these experiments were subjected to water 
velocities of two fish- lengths per second and their performance determined. 
If the rise and fall in LDH activity is a measure of conditioning, the Shephard-
of-the- Hills fish exercised at one length per second should have been in better 
condition than either controls or fish exercised at one-half length per second. 
Stamina results for these three groups of fish bears this out (Table 6). How-
ever the Fish Lake stock exercised at one length per second did not show a 
rise and fall in serum LDH activity but exhibited the same relative condition 
as the Shephard-of-the-Hills fish (Table 7). 
Stamina results also indicated that most of the fish that fatigued did so 
in two hours or less. This may indicate that the first two hours of swimming 
are critical to the fish. Fish conditioned at one length per second were forced 
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to swim at two lengths per second for up to 24 hours while controls were not 
sampled at two lengths per second longer than four hours. It is not known 
whether control fish that were able to swim for four hours would swim longer. 
The difference in stamina between fish conditioned at one length per 
second for 17 and 18 days and unconditioned fish could be very important to the 
survival of the hatchery trout stocked into high gradient streams. 
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CONCLUSIONS 
Exercising fish in circular tanks with water velocity generated by a 
paddle was feasible. A more streamlined paddle, such as a cylinder, may 
produce the same water velocities with lower rpm . 
Collection of one-half ml of blood from 190+ g fish once each week and 
analysis of total serum LDH activity using the UV method were practical. 
Strenuous exercise under controlled conditions in the laboratory in-
creased serum LDH activity of catchable-size hatcher y rainbow trout. Serum 
LDH activity increased in Shephard-of-the- Hills rainbow trout exercised at 
one length per second and did not increase in fish of the same strain exercised 
at one-half length per second. 
Shephard-of-the-Hills catchable-size rainbow trout exercised at one 
length per second for 17 days had a significantly h!gher active respiration 
rate than controls. 
Shephard-of-the-Hills and Fish Lake catchable-size rainbow trout 
exercised at one length per second for 17 and 18 days respectively were better 
conditioned to water velocities of two lengths per second than were controls. 
A large · percentage of fish that fatigued at two lengths per second did so in two 
hours or less. 
One injection of C l4 labeled leucine into the dorsal aorta of the fish did 
not prrnduce the desired levels of radioactivity in the serum. Repeated 
injections of large numbers of fish would not be feasible due to the time 
involved and the extra handling required. 
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APPENDIX 
Table 10. Serum LDH activities in units/ml for Shephard-of-the-
Hills trout exercised at one length per second. 
Tank 1 
Day 0 8 15 22 
Fish No. 
1 630 500 1000 550 
27 575 3500 750 1325 
3 730 700 1250 850 
4 450 425 1000 350 
5 775 625 1200 1125 
E 600 650 1225 925 
7 700 1625 1125 800 
s 500 650 400 409* 
1 500 600 650 925 
11 775 1375 1125 1725 
12 650 1625 1000 925 
1 900 2250 1625 1050 
14 550 1500 1750 1177* 
1fi 675 1200 1250 475 
Tank 2 
Dc:.y 0 9 16 23 
Fish No. 
1€ 800 1875 875 725 
17 830 1625 1000 1200 
18 970 2250 1508* 1479* 
1 580 900 875 650 
2 925 1125 750 1300 
21 900 1125 1125 850 
22 600 1275 500 725 
23 450 1000 800 875 
24 475 500 1000 600 
25 750 1000 1000 575 
26 625 1100 1250 897* 
28 725 1475 2175 775 
2 525 1375 1125 1275 
3 0 525 750 1125 800 
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Table 10. Continued 
Tank 8 
Day 0 10 17 
Fish No. 
106 1100 800 (100 
107 500 520 !12 5 
108 775 2375 775 
109 700 1875 900 
110 475 1500 1175 
111 500 2250 775 
112 525 750 550 
113 725 1375 750 
115 600 1000 425 
116 725 4125 450 
117 600 1475 550 
118 700 4750 375 
119 550 550 425 
120 825 2000 1000 
Tank 9 
Day 0 11 18 
Fish No. 
121 500 1025 475 
122 550 1298* 700 
123 500 1250 650 
124 475 875 375 
125 950 1750 600 
126 650 950 725 
127 450 575 600 
129 575 1750 775 
130 775 1775 1025 
131 625 1565* 1125 
132 575 1375 850 
133 400 1750 625 
134 725 1875 500 
135 500 875 775 
*Missing observations calculated using randomized block missing 
observations formula. 
Table 11. Serum LDH activities in units/ml for Shephard-of-the-
Hills trout exercised at one half length per second 
Tank 3 
Day 0 8 15 
Fish No. 
31 775 550 700 
32 675 500 350 
33 1150 550 550 
34 650 550 525 
35 650 600 525 
36 850 450 875 
114 500 1225 500 
141 625 1050 650 
39 525 450 450 
40 575 700 550 
41 525 500 450 
42 425 450 500 
44 775 625 900 
45 860 650 650 
Tank 4 
Day 0 9 17 
Fish No. 
46 900 400 1000 
48 725 550 1000 
49 1125 625 1125 
50 550 575 750 
51 700 575 1000 
52 625 350 790* 
53 700 450 1000 
54 775 500 1000 
55 525 575 875 
56 625 525 1125 
57 500 350 750 
58 500 475 875 
59 800 525 750 
60 500 325 375 
34 
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Table 11. Continued 
Tank 10 
Day 0 10 22 
Fish No. 
136 500 425 500 
137 900 1015 900 
186 775 685 700 
139 750 700 500 
140 775 565 1550 
142 600 375 725 
143 575 575 625 
144 700 575 728* 
145 500 600 675 
146 700 600 525 
147 775 700 675 
148 550 450 600 
149 575 450 775 
150 600 525 550 
Tank 11 
Day 0 11 24 39 
Fish No. 
151 550 650 350 600 
152 775 1010 667* 861* 
153 400 460 450 450 
154 925 950 500 725 
155 575 810 725 950 
156 625 800 525 700 
157 500 525 400 475 
158 625 535 675 450 
159 550 650 472* 602* 
160 350 275 200 325 
161 525 675 400 600 
162 500 575 325 600 
163 600 675 475 700 
164 500 525 550 525 
*Missing observations calculated using randomized block missing 
observations formula. 
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1 ,tblc I ~ . Se n1m LD JJ ; 1 Li d tie s in uni Us/ ml !, , ,.i-_,d ,.11,l - uf -tbe-
d ii Is ('0 1; l' 11 i 
- ----
-- -
- ·- - - - -
-- - - -- -
1': l, ' 7 
lJay tl l; 22 
- ---- --· 
- --
- ----·- - ·--
I l ~h t~, I . 
. I I 'i'GO ( j~ ~' 650 750 
) ., 7':,:i !'iOO fi75 550 ,. 
ct:' I '.iO 55{1 'i 7:) 375 
1,,0 - , )" 57:i 1.::,. J 
'. ( I (i.~.J 575 
'J ,I V , 45 0 
I 
- •) 
,,, 850 12 00 
!:J :- 725 I ., '..) 52!:' 700 
'.l '.1 500 325 3 50 450 0 
101 775 550 650 1000 
I 0'G 67,"; 1 ·~ J 4:i0 2550 
103 600 400 375 400 
104 625 575 700 575 
105 550 400 450 450 
Tank 14 
Day 0 10 17 24 
Fi s h No. 
l f,(j 400 425 325 35 0 
11_;7 825 325 450 500 
16 8 1375 675 750 475 
169 600 350 725 525 
170 600 425 450 550 
1 l 425 275 440 550 
17 2 500 500 815* 600 
1 - ,, 
I ,> 625 500 525 625 
l ';" cl 600 450 650 650 
1 7!) 600 400 625 1325 
17(:j 850 1200 1950 1400 
177 625 400 1150 425 
179 575 500 725 525 
180 650 500 3000 1250 
*Missing observations calculated using randomi ,;ed block missing 
(,b .:c r vations formula. 
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Table 13. Serum LDH activities in units/ml for Fish Lake stock 
exercised at one length per second 
Tank 1 + 
Day 0 8 15 21 
Fish No. 
6 700 6250 1550 2708 
8 1450 1125 850 1150 
10 1400 1375 8i 5 1225 
11 875 8000 1450 1025 
13 1000 875 700 1200 
G5 1700 2750 1700 1475 
67 1050 1000 950 1100 
57 950 1325 3050 2950 
70 1700 1625 1250 1725 
66 550 750 525 625 
Tank 2 + 
~ 0 9 16 22 
Fish No. 
16 1700 1625 1175 2175 
17 925 1256* 1150 1450 
19 750 1000 775 1125 
22 850 750 675 1000 
23 1100 875 825 1100 
25 975 1000 700 600 
26 1275 1500 1425 1400 
27 1000 2000 875 1575 
28 950 750 700 850 
64 900 1125 950 975 
Tank 3+ 
Day 0 11 18 24 
Fish No. 
29 2150 1250 1478* 1812* 
30 1200 1325 1075 1675 
33 1100 1250 1025 1200 
34 750 875 800 1075 
35 1125 1375 1100 1450 
40 2050 1500 1800 2350 
41 1850 1000 1000 750 
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Table 13 Continued 
Tank 3+ (continued) 
Day 0 11 18 24 
68 1225 1250 1155* 1374 
63 1825 4250 2300 2350 
61 850 1000 1300 1400 
Tank 8 + 
Day 0 10 17 23 
-
Fish No. 
71 950 625 550 950 
76 975 1500 1250 1400 
82 900 875 750 1125 
83 925 750 975 975 
120 900 750 800 1050 
124 700 1000 675 800 
125 1700 1500 1225 1525 
123 750 875 1225 2650 
116 1500 1250 1200 1725 
113 900 1500 1300 1125 
Tank 9 
Day 0 12 19 24 
Fish No. 
86 1425 1000 975 2150 
87 1875 1375 2150 1250 
88 1200 1000 825 1250 
90 975 1000 850 800 
91 925 875 1250 1150 
92 700 625 575 650 
97 1150 1125 1625 1660 
98 1550 1000 1250 1975 
59 1250 875 975 1350 
114 1300 750 1200 3250 
*Missing observations calculated using randomized block missing 
observations formula 
+Injected with 800,000 dpm c 14 labeled leucine 
39 
Table 14. Serum LDH activities in units / ml for Fish Lake stock 
controls 
Tank 4* 
Day 0 8 15 21 
Fish No. 
11 :1 725 1100 525 725 
14 1200 1700 800 1400 
4G 850 1700 600 GOO 
48 850 1125 575 1275 
51 700 1100 750 875 
53 600 850 500 575 
54 1350 2600 1100 1150 
55 925 1375 550 900 
56 800 1800 600 950 
58 1375 1900 900 1175 
Tank 10 
Day 0 10 17 23 
-
Fish No. 
99 800 900 775 1075 
101 2160 650 625 625 
102 850 850 1350 775 
104 1600 1200 1125 1050 
105 1100 1250 1525 1450 
106 900 800 1125 750 
107 900 875 1400 750 
108 1150 2500 925 1075 
110 2350 1575 1900 2650 
111 825 1000 675 600 
*Injected with 800, 000 dpm c14 labeled leucine 
Table 15. Serum LDH activities in units/ml prior* to, and immediately after stamina trials at two 
lengths per second for Shephard-of-the- Hills trout conditioned at one length per second. 
Each observation is from an individual fish. 
Time of Trial 
2 hours 4 hours 6 hours 17 hours 24 hours 
LDH LDH LDH LDH LDH LDH LDH LDH LDH LDH 
before after before after before after before ' after before after 
650 875 1200 2125 475 1625 775 1750 475 875 
350 500 1300 2125 775 7750 1175 20,300 750 -H25 
850 1250 725 1750 1050 2250 550 1625 375 3500 
575 875 725 2125 925 1500 750 2250 600 1375 
800 1375 875 1250 1025 9250 425 16,600 725 4500 
925 875 600 1250 650 2000 450 1875 600 1375 
850 1250 1875 1125 1750 375 2875 775 4375 
1000 800 1000 625 1500 1000 2750 1125 2375 
1275 1875 550 14,300 425 14,300 850 1000 
775 1000 1725 4250 500 1500 
* Taken one week prior to stamina run. 
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Table 16. Serum LDH activities in units/ml prior* to, and immedi-
ately after stamina trials at two lengths per second for 
Shephard-of-the-Hills trout conditioned at one-half length 
per second. Each observation is from an indi vid~al fish. 
Ti me of Trial 
2 hours 4 hours 6 hours 
LDH LDH LDH LDH LDH LDH 
before after before after before after 
900 1500 750 1750 600 1500 
550 2000 1000 1625 500 1875 
500 1500 875 1750 525 3750 
525 1250 375 1750 700 4625 
425 1500 2000 500 2125 
450 1125 725 2875 475 1375 
550 1625 925 2500 
1000 2625 600 2000 
350 6000 725 2250 
450 1500 950 2375 
1000 1500 
*Taken one week prior to stamina run. 
Table 17. Serum LDH activities in units/ml prior* to, and immedi-
ately after stamina trials at two lengths per second for 
Shephard-of-the-Hills controls. Each observation is from 
an individual fish. 
Time of Trial 
2 hours 4 hours 
LDH LDH LDH LDH 
before after before after 
550 2250 525 1500 
1200 1750 550 4375 
700 1375 650 4500 
575 875 550 5375 
750 1000 
1000 1250 
*Taken one week prior to stamina run. 
Table 18. Serum LDH activities in units / ml prior* to, and immediately after stamina trials at two 
lengths per second for Fish Lake stock conditioned at one length per second. Each 
observation is from an individual fish. 
Time of Trial 
2 hours 4 hours 8 hours 12 hours 24 hours 
LDH LDH LDH LDH LDH LDH LDH LDH LDH LDH 
before after before after before after before after before after 
825 875 1125 2375 1125 1626 1450 1125 1250 
1225 1500 1000 3250 975 5000 1900 1625 2150 25 00 
1725 1625 850 625 1725 2500 1200 875 1250 2375 
1200 750 975 1000 1125 1500 1375 1500 1850 2250 
1150 1125 750 1375 800 875 1125 1675 1875 
2950 7000 1100 1125 2175 1750 2350 8000 1350 2500 
1475 2000 600 1625 750 1500 1150 2175 
1100 1500 1575 1750 1200 2250 
1025 1000 1450 875 1900 3500 
625 750 950 1500 
3250 4750 
2350 2250 
825 1750 
650 1625 
*Taken one week prior to stamina run. 
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Table 19. Serum LDH activities in units per ml prior* to, and 
immediately after stamina trials at two lengths per 
second for Fish Lake stock controls. Each observation 
is from an individual fish. 
4 Hour Trial 
LDH before LDH after 
950 212fi 
575 G250 
1400 2:375 
2650 4500 
1275 5250 
900 3125 
775 2375 
575 1375 
1700 1375 
750 1250 
1050 4250 
*Taken one week prior t.o stamina run. 
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Table 20. Serum LDH activities in units/ml prior* to and immediately 
after fatigue in the stamina tunnel at two lengths per second 
for Shephard-of-the-Hills trout conditioned at one-half 
length per second. Each observation is from an individual 
fish. 
Fatigue time (min.) LDH before LDH after 
5 700 2500 
7 1000 1500 
8 3-25 500 
10 650 1500 
15 750 875 
15 675 1250 
23 500 1000 
30 700 2000 
30 700 2250 
30 525 1250 
40 675 2000 
45 775 1375 
75 650 1875 
8G 600 2375 
HG 600 2125 
BO 1125 3250 
9G 750 3:375 
105 1125 2000 
185 875 2750 
295 625 3625 
X 716 X 1969 
*Taken one week prior to stamina run. 
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Table 21. Serum LDH activities in units/ml prior* to, and immediately 
after fatigue in the stamina tunnel at two lengths per second 
for Shephard-of-the-Hills controls. Each observation is 
from an individual fish. 
Fatigue time (min.) LDH before LDH after 
10 1325 1500 
10 500 750 
10 600 2000 
15 1250 1125 
15 4500 875 
15 625 750 
17 375 1375 
20 350 1500 
20 475 875 
22 400 3250 
22 425 1500 
25 575 1250 
25 450 2500 
:io 575 1250 
10 2550 1000 
GO 1400 15,500 
60 525 875 
120 550 2000 
X 969 X 2215 
*Taken one week prior to stamina run. 
Table 22. Serum LDH activities in units / ml prior* to and 
immediately after fatigue in the stamina tunnel at two 
lengths per second for Fish Lake stock conditioned at 
one length per second. Each observation is from an 
individual fish. 
Fatigue time (min.) LDH before LDH after 
10 1400 1375 
10 2650 1625 
10 1075 1375 
15 1425 1750 
15 950 1125 
320 1050 4250 
320 1400 1625 
X 1421 X 1875 
*Taken one week prior to stamina run. 
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Table 23. Serum LDH activities in units/ml prior* to and 
immediately after fatigue in the stamina tunnel at two 
lengths per second for Fish Lake stock controls. 
Each observation is from an individual fish. 
Fatigue time (min.) LDH before LDH after 
2 1175 1625 
2 600 1000 
2 1075 1750 
2 750 875 
3 625 1375 
5 1450 1750 
8 1075 1500 
10 1700 1875 
15 925 1000 
18 3600 1750 
22 1350 1000 
23 600 2250 
~rn 725 750 
37 975 1375 
220 1150 5125 
220 875 6500 
X 1166 X 1969 
*Taken one week prior to stamina run. 
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